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I3 ABSTRACT

- ,,A number of serum constituents were measured before, during and after one
saturation-excursion dive to 300 feet of sea water (FSW), two saturation-excursion
dives to 600 FSW, and one saturation dive to 1000 FSW. Significant increases in
creatine phospnokinase (CPK) and lactate dehydrogenase kLDH) activity were noted
on both saturation-excursion profiles, however, there were essentially no changes
in serum enzyme activity during the saturation dive to 1000 FSW. On all 3 profiles,
serum lactic acid was elevated with the largest incrzase occurring on the 1000 FSW
dive. No changes were noted in the serum lipid constituents on any of hese dives.
These changes in serum biochemistries are discussed inrelation to th-e differences
in environmental conditions.
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SUMMARY

A number of serum constituents were measured before,

during, and after one saturation-excursion dive to 300 feet

of sea water (FSW), two saturation-excursion dives to

600 FSW, and one saturation dive to 1000 FSW. Significant

increases in creatine phosphckinase (CPK) and lactate

dehydrogenase (LDH) activity were noted on both saturation-

excursion profiles, however, there were essf.ntially no

changes in serum enzyme activity during the saturation

dive to 1000 FSW. On all 3 profiles, serum lactic acid

was elevated with the largest increase occurring on the

1000 FSW dive. No changes were noted in the serum lipid

constituents on any of these dives. These changes in serum

biochemistries are discussed in relation to the differences

in environmental conditions.



INTRODUCTION

In a recent report, we described the results of

extensive serum biochemical analysis on divers during twc

600 FSW* saturation dives (1). The major changes observed

were an increase in serum CPK activity and serum lactate.

Others have reported decreases in serum glucose during

saturation exposures (2,3). To extend these observations,

similar studies were performed during a saturation-

excursion dive to 300 FSW and a saturation dive to 1000 FSW.

Complete results on these analyses are compared in this

report as the basis for future studies.

r

*Abbreviatiuas used in this manuscript: FSW = feet of

sea water, CPK = creacine phosphokinase, SGOT = glutamate

oxalacetate transaminase, LDH = lactate dehydrogenase,

ALK PHOS = alkaline phosphatae
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METHODS

All dives vere conducted in the hyperbaric chamber

complex of the Navy Experimental Diving Unit, Washington, D.C.

A total of 16 Navy divers, ranging in age from 23 to 37

were studied. The following dives were performed:

A. Four subjects were compressed nn a mixture

of helium and oxygen in the dry chamb-r to a

simulated depth of 300 FSW at an integrated rate

of 40 feet/hour (Figure 1). During the subsequent

six days at 300 FSW, each subject made three

excursion dives per day in the wet tank to depths

ranging from 350 to 450 FSW and for exposure times

ranging from 20 to 120 minutes. Compression and

decompression during these excursion dives was

performed at a rate of 60 feet/minute. Decompression

from the saturation depth of 300 FSW followed the

standard U S. Navy format (Table 1).

B, Eight subjects, four on each of two successive

dives, were compressed to a simulated depth of 600 FSW

on a mixture of helium and oxygen in the dry chimber

at an integrated rate of 40 feet,/hour (Figure 2).

During the subsequent six days at the saturation

depth, each diver made three excursion dives per day

in the wet tank to depths ranging from 650 to 750 FSV

and for du ations tanging from 20 to 120 minutes.

Compression and dpcompression rates during these

i



I
excursions were at a rate of 60 feet/minute.

Decompression from the saturation depth of 600 FSW

followed the standard U.S. Navy format. 07'ablb I)

C. Four subjects were compressed at a rate of

5 feet/minute on a mixtute of helium and Pxygen

to an ultimate saturatio2n de•tl, of 1000 FSW (Figure 3).

During compression, three day inte--.ediate stops

were made at 200, 400, 600, and 800 FSW. Four

days were spent at the saturaticn depth 3f 1000 FSW.

Decompression was performed in accordance with

Table I, with the exception of a 2'q hour stop at

850 FSW to permit physiologic studies,

During these deep helium-oxygen dives, the chamber

atmosphere was mon•ioored continuous.ly foy ox3geQ and carboo

dioxide content, temperature, an- relative ý-.-midity. Oxygen

concentration was maintained between 0.29 and 0.35

atmospheres, '-arbcn dioxide conte itr was n~t allowed Lo

exceed 0.5% surface equivalent, ý.erpe.3ture zan6A from

80 to 89eF, and -elative humiidity from 50 to 70%, The

water temperature in the wet tank was maintained betweFn

85 and 90'F. Deviations t-om these limits occurred only

during rapid compression and de.ýompression. In all dives,

the divers perf'ormed moderate work by swimming againrt a

trapeze ergometer and by lilfting v.'ights on a ten minute

work, five minute rest ;'ycle Complete desctiptions of

these dive orofiles hdve been published elsewhere (4,5).
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Fasting blood samples were obtained by venipuncture

at 0700 hours on the days indicated (Fig. 1-3). The blood

samples drawn at increased ambient pressure were de-

compressed at 15 feet/m;nute. After clotting, samples

were centrifuged and the serum was withdrawn. Prior to

centrifugation, samples were stored in an ice bath. Serum

hemoglobin was measured to eliminate samples that had

concentrations greater than 15 mg%.

Analysis of serum was performed as previously

described (1). Serum glutamate-oxalacetate transaminase

and alkaline phosphatase were measured with commercial

reagent kits manufactured by Warner Chilcott and

Boehringer Mannheim, respectively.*

*Mention of commercial products is for purposes of

clarity and should not be construed as an endorsement.
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RESULTS

In order to present a coherent picture of the varied

indices measured, the results are presented in two forms.

In Fig-res 4 and 5 and in Table II are summarized those

results which showed either a similarity or a difference

between the two types of dive profiles. In the

Appendices B-D, results are tabulated by individual diver.

At this point, not all if these results can be explained,

but in one case certain of the changes were apparently

* •due to the onset of mumps during the exposure (6).

Figure 4 summarizes the results of serum CPK analysis

obtained on all 3 profiles. It is readily apparent

that the results on the three saturation-excursion dives,

one at 300 FSW and two at 600 FSW, are qualitatively and

quantitatively similar. Midway through the excursion

phase of the dive, a 10-fold increase in mean CPK

activity was observed which returned to baseline during

decompression. A slight increase was apparent one or two

days post-dive. In contrast, the mean CPK level fluctuated

within control levels throughout the 1000 FSW dive. Lactate

dehydrogenase showed a similar, but not as large.

increase as CPK. Glutamate-oxalacetate transaminase and

amylase activities did not appear to change as a result

of the nyperbaric exposure.

Serum lactic acid levels increased dtring the bottom

time on uhe 600 and 1000 foot profiles (Figure 5). The elevation



was correlated to some extent with the depth, the

greatest elevation being observed at the 1000 FSW

depth.

Serum glucose was depressed slightly during the

hyperbaric exposure at 600 FSW (Table II). As in the

other biochbmicaý determinations, the changes were transient

and returned to baseline during the uecompression.

The ither biochemistries measured, including lipo-

protein distribution, neutral lipid distribution, and

phospholipid distribution, did not change as a result of

hyperbaric exposure (Appendices B-D).



DISCUSSION

To discuss the changes observed on these dives

adequately, it is necessary to define all the stresses

that could affect the divers. During all dives, there is

a psychological component that will vary from individual

to individual, depending on experience, attitude and

the type of dive being performed. Although some changes

in the biochemical constituents of serum have been

attributed to psychological stresses (7), we have either

* not measured these constituents or not attempted to correlate

psychological stress with the changes observed. Iistead, we

have tried to correlate those changes with the physical

stresses encountered and to determine the usefulness of

serum chemistries in assessing the severity of thcse

physical stresses.

The identification of the stresses as entities is not

difficult. However, the combination of one stress

followed by two or more others concurrently is more

difficult to interpret. The individual parameters would be

rate and extent of compression, exercise, excursion dives, including

both compression and decompression, immersion

and finally decompression. Tihe 1000 FSW dive eliminated

several of these variables completely and minimized others.

The compression rate was, for example, slow (in 200 foot

increments) and there were no excursions providing repetitive

cycles of compression and decompression.
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In contrast, the exercise level on the 1000 foot dive

was much greater than on the 300 and 600 FSW dives reported

earlier. Additionally, the duration was longer and the

final saturation pressure was deeper.

Of the serum constituants measured, the biggest

contrast between the 1900 FSW saturation dive and the

300 and 600 FSW saturation-excursion dives was in serum CFK

activity. While in the saturation-excursion dives the

mean CPK level increased tenfold during the bottom phase

of the dive, there was no change in CPK in any of the samples

on the saturation dive. During the bottom time, divers

on the 300 and 600 FSW dives were exposed to several wet

excursion cycles daily. No •changes in CPK activity were

seen in any of the three profiles in the sample obtained

24 hours after the start of compression. Compression, at

the rate performed on these dives, presumably cannot

account for the subsequent elevations in the serum CEK.

Additionally, exercise at high pressure does not seem to be

a contributing factor since the amount of exercise was much

greater on the 1000 foot dive where no changes were observed.

CPK activity. Of all the stresses that have been Identified,

distinguished, only the repeated cycle of compression and

decompression during the excursions would seem responsible for

ttie increased CPK. To test this hypothesis further, it would

be necessary to perform similar analyses cn non-saturation

dives repeateJ several times daily° Additionally, saturation

K



dives to 600 FSW without excursions or exercise would lend

insight into the causative stress.

An increased level of serum enzyme is generally

attributed to tissue damage resulting in release of cellular

enzymes into plasma. Analysis of one or several enzymes

can frequently identify the tissue damaged. CPK is an

enzyme which is primarily present in cardiac and skeletal

muscle. It seems logical, therefore, that elevations in

this enzyme activity in serum are a result of trauma

to either cardiac or skeletal muscle, It further suggests

that, although no clinical signs of decompression sickness

were observed, repeated stress caused sufficient damage

to skeletal and/or cardiac muscle to result in an elevation

in serum levels of CPK. Serum LDH activity alsc increased

similarly to CPK. However, the magnitude of the change

was much ess. LDH isoenzyme distribution was not

significantly influenced by this change. This was notI
unexpected as the total activity remained within a "normal"

range.

The elevations of serum lactic acid levels may represent

a combination of several effects. Although exercise can produce

elevations of serum lacLate, it is unlikely Lhat an elevation

would persist during the six hour overnight rest period.

Increased lactate production could also result from increased

glycogenolysis subsequent to epinephrine secretion. However,

secretion of epinephrine generally raises both lactate and
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glucose levels in brood. Since we noted an apparent decrease

in serum glucose, it would seem that epinephrine could not

be the sole determinant in elevating serum lactate.

Other possible metabolic alterations that could account

for increased lactate include tissue hypoxia. Tissue hypoxia

would result in increased lactate production concomitant with

oxidization of reduced pyridine nucleotides. The bradycardia

noted by Salzano (9) on deep dives could cause such a

relative tissue hypoxia by reducing muscle blood flow. Both

blood flow measurements and arterial oxygen content measure-

ments at depth would be desirable to further examine these

possibilities.

One further explanation is that the time between

venipuncture and separation of serum was sufficient to allow

substantial production of lactic acid by erythrocytes.

The blood samples were placed immediately into an ice bath

to slow metabolic reactions, but no metabolic inhibitors

were used in order that the greatest number of constituents

could be measured. With this observation, future studies

should be designed to have either (a) in-chamber separation

of serum, or (b) in-chamber precipitation of whole blood.

The measurement of serum pyruvate would give further insight

into these possible mechanisms.

The decrease in glucose observed on this dive is similar

to that observed by Vorosmarti, et al. (3,4). That is, all

in-dive samples were lower than baseline, but still within a
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clinically acceptable range. These authors noted no pressure

dependence in this phenomenon at depths up to 600 FSW, nor

did we at depths up to 1000 FSW. Future investigations should

be aimed at confirming this observation and attempting to

determine the cause. Since serum glucose is significantly

affected by hormonal control, the underlying mechanism

could be a change in hormone secretion as a response to stress.

In summary, of the various constituents monitored

during these exposures, three appear to suggest alterations

in the physiological status of the diver. Inc-ease in

creatine phosphokinase suggests that either overt tissue

damage occurred, or that the permeability of muscle

membrane to CPK increased. The increases in lactic acid

concentration and decrease in glucose concentration suggest

altered carbohydrate metabolism during hyperbaric eKposure.

Although the changes observed do not suggest that overall

performance or safety are endangered, they have provided

the basis for subsequent investigations (8).
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TABLE I

RATE OF DECOMPRESSION
FROM SATURATION EXPOSURES

ON HELIUM-OXYGEN

DEPTH RATE*
(Feet Sea Water) (Feet per Hour)

Initial 30 foot ascent 10

1000 - 200 6

200 - 100 5

100 - 50 4

50 - Surface 3

* Decompression is interrupted daily between 1400

and 1600 hours and between 0000 and 0600 hours.
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TABLE II

SERUM GLUCOSE LEVELS DURING
HYPERBARIC EXPOSURE

300 FSW 600 FSW 1000 FSW
Sample Dive Dive Dive

Pre Dive 81 + 15 (8)' 105 + 11 (24) 101 + 11 (15)

Bottom 86 + 6 (12) 97 + 14 (33) 99 + 9 (32)

Decompression: 88 + 10 (16) 94 + 7 (29) 100 + 7 (16)

Post Dive 89 + 13 (4) 103 + 12 (17) 100 + 6 (7)

x + S. D. (N)
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FIGURE 1

Profile of 300 FSW saturation-excursion dive. Triangles indicate
days on which blood samples were obtained.
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FIGURE ?.

Profile of 600 FSW saturation-excurs3ion dive. Triangles indicate
days on which blood smplee were obtained.
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SFIGURE 3

Profile of 1000 FW saturation dive. Triangles indicate days on
which blood samples were obtained.
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FIGURE 4

3erum CPK Levels during Hyperbaric Exposure
Each point represents the mean + 1 S.D. for all divers on that

dive. The shaded area is the mean + 1 S.D. for all pre-dive control
values. A, B, and C are the 300 FSW saturation-excursion dive, the
600 FSW saturation-excursion dive, and the 1000 saturation dive,
respectively.
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FIGURE 5

Serum Lactic Acid Levels during Hyperbaric Exposure
Each point represents the mean + 1 S.D. for all divers on that

dive. The shaded area is the mean + 1l S.D. for all. pre-dive control
values. A, B, and C are the 300 POT saturation-excursion dive, the
600 P5W ssaturation-excursion dive, and the 1000 F5W saturation dive,
respectively.
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APPENDIX A

DESCRIPTIVE PHYSICAL vt*.TA ON DIVERS

NAME AGE HEIGHT WEIGHT CLASS YEARS OF EXPERIENCE'

A. 300 FSW Saturation Excursion Dive

Gramm 29 64 159 lst 6
Medina 26 66 1/2 175 Ist 5
Evans 33 70 187 lst 1
Conyers 23 70 3/4 157 Ist 2

B. 600 FSW Saturation FxcursioL, Dive

Gray 37 71 1/2 169 lst 12
Larimore 27 66 1/2 230 lst 3 1/2
Miller 27 69 197 Ist 3
Wil.soni 32 72 1/2 200 lst 8
Eubanks 23 74 224 ls ý: 5
Guzicki 27 73 1/4 195 lst 5
Lewis 36 67 191 3/4 lst 6
Roan 31 64 1/2 162 lst 5

C. 1000 FSW Saturation Dive

Alexander 30 73 210 SMO 2 2
Brown 32 71 186 lst 5 1/2
Majendie 36 67 1/2 175 Officer 6
Guzicki 27 73 1/4 195 Ist 5

I
Diver who developed mumps aft,,,.r compression

2
Submarine Medical Officer
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APPENDIX B

Individual Summaries of Serum

Bioch2mistries by Diver for 300 FSW Saturation-Excursion Dive

I

I

t
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APPENDIX C

Individual Summaries of Serum

Biochemistries for 600 FSW Saturation-Excursion Dive

Abbreviations of Neutral Lipids:

TG - triglyceride
CE - cholesterol esters

Abbreviations of Phospholipids:

LPC - lysophosphatidyl choline
SPH - sphingomyelin
PC - phosphatidyl choline
PI - phosphatidyl inositol
PE - phosphatidyl ethanolamine
PC - glycerol
CA - cardiolipin
PA - phosphatidic acid
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APPEI n:X D

Individual Summaries of Serum

Biochemistries for 1000 FSW Saturation Dive

i"



H, 4 c ne n0 C4NC M I C '4 NM N m 4C11 C14 04-

c.,(r M .,cv* I I CN % 4 r- ' ICJ ¾-e M0 -4cn C ý ' 4 N'

Scn $, CY) cn M crCV.) I T nI l * nI cn cn CV) 't 4 c'Ln

En ~

E-.4

E-4 C' (mC4 N T-1c n c V - TL nr T

rLA wk Icc' -i e -IT% % z C40 11N

~0  0 o0 - -o0oý 0%0 0 - 01111OD0 ) n

I U,

bH C4H- c %ONA- HH - 4'Jr-~ WHH-HM001-4 -1 14 -

c4o a%- 00 00 -t 1. 'o-4 t'~ I- r013 C1 c II m V

4 C r 44 .O4 OOo C.4 0 I4 I4 i C1, 00* q

OH o -: 0 L )-1 I C4NI 'T 0uC7, - I
41 (n m 0 m -, 0 T %0 LA' H-tr 1 0 r'. -. It C) -4 LA -4C
H -4 I r' -. 4O'A r4- rI 1HH-4 a He ý4141-I. 0 - %-4 -4 4 -

-- 14HO W-H4 ~ ' In0 e L)C I Ch4 00 - 1C4% N0
cnI nI mN~J HHC'4 m\mH-'j INI (' C4 I r-c4 N CH-

$4 - 00 r, r--' 0000

-. ? Il N-, F" N N N f- r - r-r

> U
'00~ a) 0A 'N'- ~ L

HLAHH HHHH HH~c H HOHH H

IV



0.3!' 00 in OD 0 o
(n I n Nr C* 4 C,4 C,4 cn eq -c~j C14 C%4 C4J r'404

Q~. I c1) in -f I n 1-c % - h O n i n OC1 Mr M(4 NI MCc 1 - M Id Oc4 O O L04 V4 -1

W :3 OD f -- 4 -1 n oN3f0.eJ4 r- --4 It .--

'-4 4.N6n
--.4 ~ Id In r- m t ' Yri T O

U H4

IEL
.-0 o-. 0 0 o -4-4'"I-4 D ~0 0 1 0 --10 0

00
2 

Ma-4 -4i - a% ON-4 Cr4 -I ý-4 r4-4 ý 4-

I z~O i 0 .~L~

Cj -4-4-- r4-~ i4 e' " - -4C4C4-4 -4 CJ4

cn - i Z - - -4c -Ie

0 1- 0 ý I r--. 0 ý n ~ ~ 'n a00e C4
rn I " , 4M ' , M C - 4C N CI0

in I n-a% i 0rac n m ~ mOO 0

~ -a% a' 4 -- 01 04r4 N-

0m - ' - r- r'D m- 0 0 0 0 0 r- r-r..r.

intýi~n 4 i T' DJ t"or- in V-- , ---. -4 1- - cs

A4 4., - (' cN m--4~4- a\oinCJCI'4 Ll ' N

ZI OIJrL P C '-4 1 ' 14
-D -- 4~- r C 0N r ~ l o0 *

0I

PI'7



r4% -Go I I Le-Tr-L 4 "C4 -4e O %0~
- 4C" C4 C4J C1 IC14 C4 C14 IC'4C 1 1 1 *4J(~~ 0%1C4

V- 4 0

%0 Cr4Ti Imm1 r-q 0nC c

Ln M " O 'JTl I InC4-- - - -r11-rC nC I-t 1 '00

o-01 %0 -r 4 C00 o C-4rI -4a% r-4 - rI0 0 0 0
'0-t.C4 C4C C *4 C0 I 4 04 r-4 C4 4 04 O 00C4ý4C

tnc4inc4 %cn r-4e.c'cn 'lD rc% -C4 o .I c-

E-1U r-4 . -4 . I Ir-4.- - C'J C 4C 14 N 4 -%D 1-4 4C

En ' .~0 :r
o"' r -.-1 00 t- tC'T0r-. I cn 4 0%0 0% r-.r-

o- in0 Iq I0 Ln mtn0 O'0 %0 0-4 L

C)-A c q r4 -4 n nI n .Iýo~A~O 0 %~0 4 LALA r
I -I C-1 C'-4 '-J -4e'J4 1;c'

0 - T0 (%0%I 00- NcfC'J crc -I 10% T N 4 4 I

M "M (nrI C'-4 M C4 C4 M CI C4 -4 C -4C4C404 w.04 -4

02

_r -H A00 OL - r- q 4 r 4 14 I- Oor-I r-4 r-4-4 g- P-4 0

00 0000C>C)0 0C)000 00
O r, r - r r- r,.r- 00 0O00 r- ,rt- r-- r r

N 0MqC4C 4C E-4 - I-4 D Cv HT10 DH. -irI-4 C14 CNI

0
(32 004

H -. 0 0

r-47



V3M tC~ 4 C4 I n C~l4 C4 bI cn I 4 C14 C*4 CC4 C4

0 n c -- T% nC 1 0SC4 44  ICC1 (' In I4Ic e ( ei C4 C

0 o'u m I.0~rI~ . -a,-~ 90fý%
U)Icqe (n C1( I 4 lC n C4 l I cr gne TI Ln

-H M n4nc

OHnr

C4 Cl4C -4C4ý C4 )I I~ I- ".iA C- I NC 4 4H1

t in tn I 00 0% f-0oc~ -, n 0r4 -oD n IT IObe I T-4UH 1-4 - r4 -4.-j,4 HC)C nC N en C1.4 0% -4 I H

CD I C ý I4 '0 C'0~J' I4 r-000 nII %00

0 ' %H L Ln ~J r0 ci% o) O ne 0'4M00 0% H

I J -I O q r-4 Lf04 4 O r- rif O-I ~ -4 -4rIr- - -f 1

= : l - Oooý Cý.- O'Ca 104 1 4I P4 4 t4 r- I I4 r4-. r- 4I -4 c-.J PI -4

030
El 40
c)~~~~ ~ ~ ~ ~ 'r U)1t n -4w1 4H0mrm0 D(0

C3U nm)n - - m "C4 0 I



44

APPENDIX E

Summary of Clinical Findings

A. 300 FSW Saturation-Excursion Dive

1. No symptoms were reported by the divers during any

phase of the dive.

B. 600 FSW Saturation-Excursion Dive

1. No symptoms were reported during compression.

2. Larrimore reported knee pain and gastrocnemius pain

at the 185 foot stop. The pain was treated with

oxygen but not with pressure. The pain was resolved

by the fourth 30 minute exposure to 21% oxygen.

3. Wilson developed mumps on the second day of the

dive. A complete report is presented elsewhere (6).

C. 1000 FSW Saturation Di,.e

1. No problems were reported on compression.

2. Alexander reported dull knee pain which first

occurred at 400 feet. At 185 feet he was treated

with oxygen with only slight improvement. The

pain was completely resolved within 2 days after

surfacing.


